irradiation as a sensitive parameter. The present study describes the histochemical and biochemical changes in succinate dehydrogenase localization and activity in muscle of pigeon subjected to total body sub-lethal doses of y-irradiation which enable to understand the mitochondria) alterations caused by y-irradiation.
MATERIALS AND METHODS

Animals:
The adult healthy pigeon (Columba livia intermedia Strickland) of both sexes, purchased from local dealers and weighing approximately 270 to 300 g were utilized in the present experiments. Before and after irradiation they were kept in roomy cages and were fed with the mixture of equal amounts of Bajri (Pen nisetum thyphodium) and sorghum (Sorghum vulgare) and water was supplied ad libitum.
Radiation procedure:
Pigeons were exposed to total body y-irradiation with Cobalt-60 Unit . The radiation factors were 1.25 MeV and dose rate 108 rad/min as determined by Philips dosimeter. Animals were kept in fixed position using specially designed perspex box at a focus-object distance of 55 cm from the source of 15 x 15 cm' radiation field. Pigeons were irradiated individually from the dorsal side with sub-lethal doses of 200, 300 and 400 rad. The LD 50/30 (lethal dose 50 based on 30 days) of pigeons is 950 ± 50 rad.8) Enzyme assay:
Eighty four, adult, healthy irradiated pigeons were decapitated at different intervals like 1-h., 24-h., 48-h. and 72-h of irradiation and non-irradiated pigeons were examined simultaneously as control (the pigeons were kept in radiation chamber for similar time without exposing them to radiation) . Muscle (pectoralis major) was removed as gently as possible and known weight of tissue was homog enised in glass homogenizer to give 10% aqueous homogenate . However, whole homogenate was used for succinate dehydrogenase activity since supernatant did not give appreciable activity.
Estimation of succinate dehydrogenase:
(EC 1.3.99.1., Succinate TTC oxido reductase, known as SDH).
SDH was measured by the method of Kun and Abood.9) Reaction mixture consisted of 0.5 ml (10.0%) whole homogenate, 0.5 ml of sodium succinate (0.2M) in 0.1M phosphate buffer (pH 7.4) and 0.5 ml (0.1%) TTC. The reaction mixture was incubated in water bath for 1 hour. Unit of enzyme expressed as ,vg formazan/mg protein/hour.
Histochemical localization:
The modified method of George and Talesara1o) was used for histochemical localization of SDH. Muscle was removed and frozen immediately after sacrific ing the pigeons exposed to 400 rad and approximately 9 pm thick sections were cut on freezing mictrotome. Sections were incubated in SDH medium at 37°C for 30 minutes, fixed in formalin and mounted in glycerine jelly. Control muscle sections were incubated in substrate blank medium for the same time. 
RESULTS
The results are presented in Table 1 showing effects of sub-lethal doses (200, 300, and 400 rad) of y-irradiation on pectoralis major of pigeons. It is clear from the table that the significant decrease in SDH level was observed at 48-h (P < 0.01) and 72-h (P < 0.001) of 400 rad. However, at 72-h (P < 0.02) of 300 rad also showed significant change.
In the control pigeons, the formazan deposition in pectoralis major muscle was localized as granules showing SDH activity. The activity varied according to the fiber types. In control pigeons red fibers of pectoralis major were deeply stained showing high concentration of SDH as compared to nill in the white fiber (Fig. 1) .
Groups of pigeons were irradiated with 400 rad and decapitated at 48-h and 72-h of irradiation. Sections of muscle were prepared for histochemical study of SDH. After 1-h and 24-h of 400 rad, we did not observe any noticeable changes in muscle. However, a significant reduction at 48-h was observed in red fiber as peripheral integration of SDH. localization started becoming lighter compared to control sections (Fig. 2) . At 72-h more significant changes were noted, as peripheral integration of formazan granules became still lighter and decrease in the size and number of formazan granules were observed (Fig. 3) . Fig. 1 . T. S. of normal pectoralis major muscle of pigeon showing succinate de hydrogenase (SDH) localization. Note the higher concentration in red fiber as compared to nil in white fiber (X 400).
Figs. 2 & 3. T. S. of pectoralis major muscle of pigeon. At 48-h of 400 rad signifi cant changes in red fiber were observed (Fig. 2) . At 72-h the decrease in the size and number of formazan granules was observed (Fig. 3 ) (X 400). R. Red fiber W. White fiber
DISCUSSION
Ionizing radiations can cause severe metabolic alterations in living organisms with subsequent structural pathology. But the degree of radiosensitivity will vary from species to species and organs with high renewal rates are comparatively more vulnerable to irradiation as compared to others."
In the present study, we have found significant changes in the level of SDH with sub-lethal doses. Our histo chemical results are in good agreement with that of biochemical data.
Although very high doses of radiation (100 KR) are needed to damage the function of the isolated muscle immediately after exposure and cause structural changes within few hours (Gerber and Altman).12) Zeman and Solomanl") re ported significant changes in skeletal muscle following relatively small doses of irradiation in vivo. It seems to suggest that muscle following in vivo irradiation may behave in a manner different from that of irradiated and maintained in vitro since metabolites can be transported in vivo to and fro other organs.
George and Talesaral °) have shown that mitochondria in red fibers are con siderably more numerous and larger than white fibers in pectoralis major of pigeon. Our observations are in good agreement with that of above mentioned study. In the present study, the localization of SDH decreased significantly at 48-h and 72-h of 400 rad.
The reduction in pectoralis major muscle could be due to the structural and/or functional damage to mitochondria.
SDH is a mitochondrial enzyme, therefore, it is possible that structure of mitochondria may be damaged after irradiation in such a manner that under certain conditions the systems for elec tron transport and mitochondrial phosphorylation are affected. 
